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The pd break-up amplitude in the Faddeev scheme is calculated by employing a three-
dimensional method without partial wave decomposition (PWD). In a rst step and
in view of higher energies only the leading term is evaluated and this for the process
d(p,n)pp. A comparison with the results based on PWD reveals discrepancies in the
cross section around 200 MeV. This indicates the onset of a limitation of the partial
wave scheme. Also, around 200 MeV relativistic eects are clearly visible and the use
of relativistic kinematics shifts the cross section peak to where the experimental peak
is located. The theoretical peak height, however, is wrong and calls rst of all for the
inclusion of rescattering terms, which are shown to be important in a nonrelativistic full
Faddeev calculation in PWD.
1. Introduction
A three-dimensional (3D) approach without partial wave decomposition (PWD) has
been developed for the nucleon-nucleon (NN) system, which uses directly the relative
momentum vectors, together with a helicity representation of the total spin. It has
been successfully applied to NN scattering1 and the deuteron2, using the realistic
NN potentials Bonn-B3 and AV18.4
We extend this approach to the three-nucleon (3N) break-up process. In a first
step we consider only the leading term in the multiple scattering series, which is
in first order in the NN t-matrix T . The interest is twofold: we want to see the
onset of the limitations of a standard PWD by going to higher energies and whether
this first order treatment is sufficient. In addition, the shifts in the observables by
changing from nonrelativistic to relativistic kinematics will be investigated.
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2. Formulation
The leading term of the pd break-up amplitude in the Faddeev scheme is given by
U0 = hpqm1m2m3τ1τ2τ3j (1 + P )TP jφi = U (1)0 + U (2)0 + U (3)0 , (1)
where p, q are Jacobi momenta, mi,τi (i = 1, 2, 3) spin and isospin quantum num-
bers, T the NN t-matrix, P = P12P23 + P13P23 permutation operators, jφi =q0m01τ01  jϕdMdτdi the initial state and U (i)0 (i = 1, 2, 3) the three parts of the
amplitude resulting from (1 + P ).
Now U0 can be expressed in terms of the t-matrix T piSt′ (q, q
0, cos θ, E) in the
momentum-helicity basis, for given parity, total spin and isospin, and final and
initial helicities Λ0 and Λ.1 Since U (2)0 , U
(3)
0 are related to U
(1)
0 by means of permu-
tations, it is sufficient to work out only U (1)0 . We obtain
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with pi  12q+ q0 and pi0  −q− 12q0. Besides standard notations there occur the
deuteron wave function components ϕl(pi0). U
(2)
0 and U
(3)
0 are obtained by suitable
replacements of the momenta and discrete quantum numbers.
3. Results and Discussions
Here we use the NN potentials Bonn-B and AV18. Figs.1(a) and (b) compare our
3D results to the ones based on the PWD, both first oder in T , for the cross section
and the analysing power Ay in the process d(p, n)pp. The PWD calculation includes
the NN t-matrix for total NN angular momenta j = 5 and 7, and states of total 3N
angular momenta up to J = 31/2. We see a significant discrepancy in the peak of
the cross section but agreement for Ay in case of j = 7. Since j = 7 is not feasible
right now in a full Faddeev calculation (all orders in T ) one has apparently reached
the limits of a generally reliable PWD at such an energy of about 200 MeV. At
lower energies, say 100 MeV, the PWD agrees perfectly well with our 3D results.
In Figs.1(c) and (d) we show the full Faddeev results for the cross section and Ay ,
now based on j = 5 in the PWD. The figurues reveal that rescattering is quite
important, even at this relatively high energy.
In Fig.2 we compare our calculated cross section to data5. The 3D result (called
“3D nonrel”) clearly deviates by giving the peak at the wrong position. Next we use
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Figure 1: The spin averaged differential cross section (a & c) and the analyzing
power Ay (b & d) at Elab = 197 MeV, θ = 130 (a & b) and θ = 240 (c & d) for the
process d(p, n)pp.
relativistic kinematics by employing appropriately Lorentz boosted momenta6. This
shifts the curve “3D nonrel” to the one labeled “3D rel”, which gives the correct
peak position. However, this calculation overshoots the data. Thus, our calculations
of the break-up cross section indicate that one needs altogether three ingredients:
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Figure 2: The spin averaged differential cross section for the process d(p, n)pp at
Elab = 197 MeV, θ = 240.
a 3D treatment, rescattering effects and relativity. For Ay shown in Fig.1(d) the
full nonrelativistic Faddeev calculation in the PWD is closed to the data. Since
the studied relativistic effects for Ay are quite small (not shown) and the higher
partial waves appear unimportant as also shown in Fig.1(b) that agreement will
presumably survive. In case of the cross section we see in Fig.1(c) a decrease due
to rescattering, which might cure the overshooting seen in the relativistic curve of
first order in T in Fig.2. More details, especially on various spin observables in
the process d(~p, ~n)pp at 197 MeV and higher energies can be found in7 and in a
forthcoming publication.
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